T ~E pathology and symptomology of brain tumors are now well understood. Diagnosis is sometimes assisted by air studies, arteriographyand electroencephalography. Ultrasonic examination is a simple diagnostic technique, and has particular value in the advanced stages of brain tumor when arteriography or air studies are inadvisable.
The application of ultrasound for the purpose of diagnosis in the neurosurgical field has been reported since 1950.1-7,9-a2 Dussik, 6 and Huerter and Bolt la have tried to obtain a picture of the ventricles by a transmission method of ultrasound called hyperphonography. However, the picture of the ventricles was not as clear as a pneumoencephalogram. Recently the reflection method of ultrasound (echo) has been chiefly employed.
Since 195~, we have been utilizing the reflection method of ultrasound in the diagnosis of brain tumors. This paper summarizes our results. the transmitted pulse can be measured. By analysis of these ultrasonic echoes, correct diagnosis can be made.
To establish the accuracy of the refle.ction of the ultrasonic wave and the difference in acoustic impedance between brain tumor tissue and normal brain tissue, we conducted the following experiments with fresh tissue.
The apparatus used to measure velocity of sound in fresh tissue is shown in Fig. 1 .* To make measurements the device was first clamped on the sample, than immersed in degassed water. Using a microscope on the films, the distance of the reflecting surface from the starting point of the transmitted pulse in each of the materials was compared. The density of the sample was measured by a solution of copper sulphate. The results of these experiments are shown in Table 1 . It will be seen that the acoustic impedance of brain tumor tissue is greater than that of normal brain tissue. Thus it is theoretically possible that the border between brain tissue and tumor tissue will cause a reflection.
Clinical Application of Ultrasonics
The pulsed ultrasonic wave which is radiated from a transducer travels through the brain tissue with a velocity of about 1500 m. per sec. When the wave meets any object with a different acoustic nature, such as tumor tissue, it is reflected at the boundary of the object. These echoes are received by the transducer and changed into radio frequency electrical pulses of the order of microvolts, which are amplified and displayed on a cathode ray oscilloscope. As the various reflections arc displayed vertically on a linear horizontal time base, the distance of the reflecting surfaces from the starting point of Received for publication October 19, 1964.
Ultrasonic Localization of Brain Tumor
Standard ultrasonic apparatust was used with an adapted camera, and various types of medical transducer, manufactured commercially. In this series the types of transducer used were 1 and ~.~5 megacycle, 10 mm. in diameter, for examination through the intact skull, and 5 and 10 megacycle, 3 or 10 mm. in diameter, for direct application to the brain. These were provided with barium titanate (1 and ~.~5 megacycle) and piezoelectric quartz crystal (5 and 10 mega-* The ultrasonic apparatus used was Model USF-5, manufactured by Japan Radio Co., Ltd., Tokyo, with an adapted camera.
t Aloka model SSD-~, manufactured by Japan Radio Co., Ltd., Tokyo. cycle). T h e echoes were displayed on the Braun-tube by an A-scope indicator. For the purpose of ultrasonic diagnosis a 1-10 megacycle frequency is the most suitable, since the high frequency makes it possible to detect a change of tissue as minute as 0.1 mm. The ultrasonic method of diagnosis is better than x-ray examination in its accuracy of analysis of soft tissue, especially neoplasm. Since it causes no danger o1" pain to the patient, this method is suitable for clinical use. K e n j i T a n a k a , K a z u f u m i I t o a n d T o s h i o W a g a i Methods of ultrasonic examination for the localization of brain tumors are as follows :
(1) Examination through the scalp after the hair has been shaved; (~) Direct examination through the dura m a t e r after a portion of the skull has been removed at operation or through the brain tissue after the dura has been opened; (3) Transoral exanfination for the diagnosis of tumors located in the region of the eerebello-pontine angle.
(1) Examination through the skull. The skull has been said to be a great barrier to ultrasonic transmission because of its large attenuation.
However, as already rep o r t e d ) 7,24-3~ we have succeeded in detecting echoes from brain tumors through the intact skull.
I t is desirable to shave the hair in order to m a k e a good contact; liquid paraffin is then applied on the surfaces of both the transducer and the scalp as a coupling medium. We usually hold the transducer by hand (Fig. ~) . The suitable frequency of ultrasonic wave in this case is s megacycles per sec. with barium titanate crystals. Standard examination is performed through the temporal and frontal regions. a) T h e Temporal Region. Examination through the temporal region is easier than elsewhere because the skull is thin. When the transducer is placed just in front of and over the ear, the echo originating from the third ventricle wall is detected as a midline pulsating echo. These pulsations are synchronous with the heart-beat. The so-called mid-
FIG. o. Apparatus in use during diagnosis of braiu tumor
at frontal region through the skull.
